Interventions to implement changes into health care practice (i.e., implementation interventions) are critical to improving care but their effects are poorly understood. Two strategies to better understand intervention effects are conducting process evaluations and using theoretical approaches (i.e., theories, models, frameworks). The extent to which theoretical approaches have been used in process evaluations conducted alongside trials of implementation interventions is unclear. In this study context, we reviewed (a) the proportion of process evaluations citing theoretical approaches, (b) which theoretical approaches were cited, and (c) whether and how theories were used. Systematic review (PROSPERO: CRD42016042789). MEDLINE, PsycINFO, Embase, CINAHL, and Cochrane CENTRAL were searched up to July 31, 2017. For all studies, data extraction included names and types of theoretical approaches cited. For studies citing a theory, data extraction included study characteristics and extent of theory use (i.e., "informed by," "applied," "tested," "built/created" theory). We identified 123 process evaluations. Key findings: (a) 77 (63%) process evaluations cited a theoretical approach; (b) the most cited theory was normalization process theory; (c) 32 (26%) process evaluations used theory: 7 (22%) were informed by, 18 (56%) applied, 7 (22%) tested, and none built/created theory. Although nearly two thirds of process evaluations cited a theoretical approach, only a quarter were informed by, applied, or tested a theory-despite the potential complementarity of these strategies. When theory was used, it was primarily applied. Using theory more substantively in process evaluations may accelerate our understanding of how implementation interventions operate.
BACKGROUND
To translate research findings and new effective technologies into practice, health care professionals (HCPs) need to change their behavior [1] . This may involve changing how they organize care, keep records, or interact with other HCPs. Although most interventions to implement changes into health care practice (i.e., implementation interventions) have shown modest to moderate effects, outcomes vary widely [1] . The potential reasons for this variation are seldom reported and poorly understood [2] . This has led to calls to improve our understanding of how and why implementation interventions operate as observed so that intervention effects may be optimized [2] [3] [4] [5] . Two approaches that may help address these issues are using theoretical approaches and conducting process evaluations.
Theoretical approaches in implementation science
Implementation researchers may draw on theoretical approaches (i.e., theories, models, and frameworks) to situate their research in what is already known and how it is proposed to contribute to a topic [6] . Theoretical approaches help explain intervention effects by facilitating description, explanation, and prediction of intervention processes and outcomes. Nilsen [7] has proposed a taxonomy of theoretical approaches in implementation science (Table 1) . These types of theoretical approach are proposed to serve three broad aims: to guide the process of translating research into practice (process models), to evaluate implementation (evaluation frameworks), or to help describe or explain influences on implementation outcomes (determinant frameworks; classic and implementation theories).
Implications
Practice: Theory-based process evaluations provide a way to synthesize theoretical and empirical evidence about how and why interventions work that may inform initiatives to improve the quality of health care.
Theories in particular may be useful in understanding the effects of implementation interventions as they go further than models and frameworks (which describe, clarify, or organize phenomena) by facilitating explanation and prediction [7, 8] . Theory has been defined as "a set of interrelated concepts, definitions, and propositions that present a systematic view of events or situations by specifying relations among variables, in order to explain and predict the events or situations" [9] (p. 26). In the context of behavior change interventions, using theory has been proposed to help identify the determinants of behavior, integrate knowledge relating to mechanisms of action and moderators of change, and inform the translation of findings to other populations, contexts, or behaviors [10] [11] [12] . However, theory has often been underused [13] . In a review of the use of theory in effectiveness evaluations of implementation strategies, only 22 .5% of studies were found to have used theory [14] . Similarly, in a review of health behavior research, Painter et al. [12] found that only 36% of studies mentioned theory. Superficial use of theory in behavioral science has also been highlighted by researchers arguing that theory use should be considered as more complex than the presence or absence of a theory being cited [11, 12] . Painter et al. [12] propose that theory use may be considered on a continuum, ranging from studies that are "informed by," "applying," "testing," or "building/creating" theory. Applying this continuum in their review, they predominantly found superficial theory use as most articles used theory to the least extent (68% being informed by theory) with few studies applying (18%), testing (4%), or building/creating theory (9%).
Process evaluations of implementation interventions
Process evaluations investigate how, why, for whom, in what contexts, and under what circumstances interventions are effective or not. They are often conducted alongside effectiveness evaluations, such as randomized controlled trials (RCTs), to explain or predict the effects of implementation interventions. Process evaluations may be used to clarify the description and causal assumptions of interventions, assess intervention delivery, investigate contextual influences on outcomes, and inform future intervention maintenance, scale-up, or transfer [15] [16] [17] . Alongside implementation interventions, process evaluations may explore how HCPs perceive interventions, if or how they embed them into their routine practice, and how the health care context influences intervention outcomes. Several publications provide guidance on conducting process evaluations of health and health care interventions, including recent UK Medical Research Council (MRC) guidance [16] .
Although there is growing recognition for the importance of using theory to develop interventions [10, 11, 18, 19] , published guidance gives less attention to how theoretical approaches may complement process evaluations. The MRC provides the most comprehensive guidance for using theoretical approaches in process evaluations, discussing the ProActive study, a process evaluation with well-integrated theory, as a case study [20] . MRC guidance also highlights several theoretical approaches that have been influential in process evaluation research. However, these suggestions are not based on a comprehensive literature review and thus may not represent the range of theoretical approaches used in process evaluations.
Aims and research questions
As both using theoretical approaches and conducting process evaluations may help implementation researchers understand how and why implementation interventions operate, we aimed to investigate the extent to which these strategies have been used together. In addition, given the particular benefits of using theory, we aimed to investigate the use of theory in detail. Thus, we sought to answer the following research questions (RQs) in the context of process evaluations conducted alongside RCTs of implementation interventions:
1. What proportion of process evaluations cited theoretical approaches? 2. Which theoretical approaches were cited?
In process evaluations that cited theories:
3. To what extent and how was theory used? Theories that originate from fields external to implementation science, which can be applied to provide understanding and/or explanation of aspects of implementation Implementation theories
Theories that have been developed by implementation researchers to provide understanding and/or explanation of aspects of implementation 
METHODS
This systematic review was conducted using Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidance [21] and was registered with PROSPERO (CRD42016042789).
Eligibility criteria
Evaluation study type and design Studies were eligible for inclusion if they included or described a process evaluation of an implementation intervention being evaluated in an RCT. As process evaluations can take many different forms, we only included studies that explicitly self-identified as a process evaluation or related term (Supplementary Material 1 has a full list of terms included in searches). All study designs were eligible for inclusion. Included process evaluations were peer-reviewed primary research articles or protocol articles (i.e., published descriptions of a proposed piece of research in terms of its rationale and method) written in English. Reviews, methodological papers, opinion pieces, commentaries, book chapters, books, dissertations, and conference abstracts were excluded.
Intervention aims, population, and outcomes Studies were eligible for inclusion if they evaluated interventions aiming to change HCPs' clinical practice behavior (e.g., prescribing, general management of a health problem). Interventions aiming to change HCPs' personal health behaviors were excluded. Intervention recipients had to be HCPs or allied HCPs. Studies in which HCPs delivered but did not receive an intervention were excluded. Intervention outcomes had to be behavioral or the outcome (consequence) of behavior and could be measured among patients or HCPs at individual, team, or organizational levels.
Search strategy and screening
An information scientist with expertise in searching online databases assisted in designing the search strategy (Supplementary Material 1), which included search terms related to "process evaluation," "health care professional," "behavior/practice change" or "translating evidence into practice," and "randomized controlled trial." Text word and indexed terms were identified by reviewing the search strategies of systematic reviews [15, 22, 23] For process evaluations meeting eligibility criteria at full text, backward (i.e., reference list), and forward (using Google, Google Scholar, and Scopus), citation searches were conducted to identify (a) results papers of included protocols and (b) additional results papers based on the same trial as included process evaluations (e.g., in cases where multiple process evaluations were published based on the same trial). Records were counted as one process evaluation if protocols and primary research articles described the same process evaluation and/ or multiple primary research articles were published based on the same data.
Data extraction
The review team developed and refined a data extraction form. A three-phase data extraction protocol was designed. For process evaluations described in multiple articles, one data extraction form was used. For each phase, a 10% subsample was screened by a second reviewer (F.L. or N.G.); disagreements were resolved through discussion.
Phase 1 RQs 1 and 2: What proportion cited theoretical approaches? Which theoretical approaches were cited? (all process evaluations).
Reviewers decided whether a theoretical approach (Table 1 ) was named and/or cited in relation to the process evaluation. Data extracted included the names, sources, and types of theoretical approach cited. To identify theories, we consulted the ABC of Behaviour Change Theories [24] ; for theories not included in this resource, we found theory development articles and decided whether the description of the theory accorded with the Glanz et al. [9] definition of theory. By using these criteria, our review focused on theories that were "mid-range" in their level of abstraction and excluded abstract "grand theories" and concrete "program theories." Mid-range theories are testable and generalizable within a specific domain (e.g., theory of planned behavior). Grand theories (e.g., psychodynamic theory) are all-encompassing, generalizable theories but lack testability, whereas program theories are testable but, as they are specific to single interventions, lack generalizability [7] . Thus, theories relating to single interventions were not extracted.
Studies that cited a theory in relation to the process evaluation component of the study were taken forward to phase 2 of data extraction. Studies that only cited a theory in relation to other aspects of the study (e.g., intervention development) were not taken forward.
Phase 2: Study characteristics and quality appraisal (process evaluations citing theory)
We extracted study characteristics including: country, study setting, study design, types of data collection, and HCP and non-HCP groups participating in the process evaluation. Data extraction for intervention characteristics included target behaviors and intervention types [25] , clinical context, and the HCP groups receiving the intervention. Study quality was assessed using the Mixed Methods Appraisal Tool (MMAT) [26] . Results from the MMAT are calculated as a percentage score (0%-100%), with 100% indicating that all quality criteria were met. Protocols were not assessed for quality as the MMAT is inappropriate for scoring protocols, due to some items being dependent on study completion.
Phase 3 RQ3: To what extent and how was theory used? (process evaluations citing theory).
Reviewers identified how cited theories were used. Response items (yes/no) were developed to quantify theory use based on a continuum of theory use [12] with additional items adapted from the theory coding scheme [11] (items included in Table 4 ). The extent to which each theory was used in process evaluations could be categorized as one or more categories: "informed by," "applied," "tested," "built/created," or "other use of" theory. Our classification scheme had one deviation from Painter et al. [12] : It was agreed by the review team that only citing a theory, with no additional explanation or elaboration of how it was used, was insufficient evidence of theory use. Qualitative, descriptive data were also extracted for theory use items receiving a "yes" response. For process evaluations that cited multiple theories, theory use was assessed for each theory individually. A final label was applied to each theory and process evaluation to describe the greatest extent to which theory was used. If a process evaluation cited multiple theories, the theory use label applied to the theory used to the greatest extent was applied to the process evaluation.
Data synthesis
The number and percentage of process evaluations citing theoretical approaches were reported descriptively. Tables were used to present study characteristics, quality appraisal scores, the names, and number of times each theoretical approach was cited; and the number of times each theory was used according to each of the theory use categories. Thematic synthesis [27] was used to analyze qualitative data.
Tables were used to present descriptive themes developed from qualitative data.
RESULTS

Search and screening results
Database searches retrieved 1,607 records. Four process evaluations identified in the initial scoping search were included. Following eligibility screening, 109 unique process evaluations were identified. Backward and forward citation searches resulted in the identification of 14 additional process evaluations. The final data set consisted of 123 process evaluations described in 164 articles (Mdn = 1, range: 1-4; study flow diagram in Figure 1 ). Thirty-three process evaluations (27%) were described in multiple articles. Reviewer agreement for eligibility screening at title and abstract was 78% and at full text was 83%.
Study characteristics of overall sample
Of the 123 included process evaluations, 73 (59%) were primary research and 50 (41%) were protocol articles. Sixty-four (52%) solely or primarily reported a process evaluation and 59 (48%) reported a process evaluation and a wider program of research.
Phase 1
RQ1: What proportion cited theoretical approaches?
Of the 123 included process evaluations, 77 (63%) cited a theoretical approach in relation to the process evaluation. Of these, three cited a process model, 50 cited an evaluation framework, 26 cited a determinant framework, 24 cited a classic theory, and 13 cited an implementation theory (Table 1) . Thirty-four (28%) of the total 123 process evaluations cited a theory (classic, implementation, or both). Of these, 13 cited one classic theory [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] , 7 cited two classic theories [32, [41] [42] [43] [44] [45] [46] , 1 cited three classic theories [47] , 9 cited one implementation theory [48] [49] [50] [51] [52] [53] [54] [55] [56] , 1 cited two implementation theories [57] , and 3 cited both a classic theory and an implementation theory [58] [59] [60] .
RQ2: Which theoretical approaches were cited?
Reviewer agreement on data extracted for this question was 90%. Table 2 presents the theoretical approaches that were cited ranked in order of frequency.
Phase 2: Study characteristics and quality appraisal
Characteristics of the process evaluations citing a theory are summarized in Supplementary Material 2. Twenty-two (65%) were primary research and 12 (35%) were protocol articles. Nine (27%) process evaluations were conducted alongside RCTs evaluating more than one intervention, 29 (85%) included interventions that targeted multiple clinical practice behaviors, and 29 (85%) used multiple intervention types. Studies were predominantly conducted in primary care (e.g., general practices; 62%), hospital (18%), and community (12%) settings. Methodological quality varied in relation to study design (Supplementary Material 2) . Qualitative studies scored highest (range: 50%-100%), quantitative study scores ranged from 25% to 75%, and mixed methods studies scored lowest (range: 0%-75%).
Phase 3
RQ3: To what extent and how was theory used?
Reviewer agreement on data extracted for this question was 96%. Table 3 presents the greatest extent to which theory was used in process evaluations. As most (81%) process evaluations were published since 2012, we were unable to meaningfully examine changes in theory use over time. Qualitative findings describing how, and the extent to which, theories were used in process evaluations are presented in Table 4 and are summarized in the following sections.
Informed by theory. Around three quarters of theories (34/47; 72%) informed process evaluations. The authors described how specific theories were appropriate or had attributes that supported the purpose of their process evaluation. For example, the authors described: normalization process theory as relevant to understanding how interventions become integrated and embedded into practice [48, [50] [51] [52] 54, 57, 58] and the theory of planned behavior as a well-validated, predictive theory that has an established research base in understanding HCP behavior [33, 37, 42, 46] . The authors also described how theory in general supported process evaluation aims by helping to understand mechanisms of impact and interpret trial outcomes [33, 37, 39, 44, 45, 57] , as well as to identify barriers and enablers to change [32, 33, 54, 59] .
Theory was used in many process evaluations to explain trial results [30, 33, 37, 39, 42, 44, 46, 55, [58] [59] [60] [61] . In some cases, this was the first time that theory was cited, indicating the use of theory to provide post hoc explanation of trial results [30, 60, 61] . Numerous authors reflected on their chosen theory [31] [32] [33] 36, 37, 42, 44, 46, 52, 55] . Some presented critiques: highlighting the lack of focus in normalization process theory on the patient role in implementation [52] or remarking that the theory of planned behavior does not account for mood or past experiences [32] . Others noted their chosen theory's strengths, for example, suggesting the efficacy of the theory of planned behavior in predicting HCP intentions [42] and behavior [33, 44] . Several process evaluations interwove theory into their recommendations for future research [33, 37, 44, 58] or advocated for increased use of theory in process evaluation research [33, 37, 44] .
Applied theory. Two thirds of theories (31/47; 66%) were applied in process evaluations. Numerous theories were used to justify the process evaluation design [37, 44, 45, [50] [51] [52] ; for example, the authors in one process evaluation described using an experimental design to test the theory of planned behavior [44] . About half of theories were used to develop process evaluation study materials, including interview or focus group topic guides [35, 47, 52, [55] [56] [57] , questionnaire items [32, 43, 45, 46, 52, 57, 59] , or theory of planned behavior-based questionnaires (using standard methods [62] ) [33, 37, 42, 44] . Only one validated theory-based questionnaire was used [41] , the team climate inventory [63] , based on the theory of team innovation. Numerous theories were used to analyze qualitative data in process evaluations [29,32, between intervention and control groups [37, 42] . In two of these process evaluations, the authors suggested that the theory of planned behavior was supported in their analyses [42, 44] . No process evaluations explicitly compared two or more theories to one another in data analysis, and no theories were used to test theory-informed contextual moderators.
Built/created theory. No cited theories were built or created. Data extraction items in this theory use category are included in Table 4 .
DISCUSSION
Although most process evaluations cited a theoretical approach, only a quarter were informed by, applied, or tested a theory-despite the potential complementarity of using these strategies to understand how implementation interventions operate.
Citation of theoretical approaches
Most process evaluations in our review cited a theoretical approach from implementation science (definitions in Table 1 ). This may be due to the importance placed on drawing on theoretical approaches in funded research [64] . Determinant frameworks, classic theories, and implementation theories help describe or explain influences on implementation outcomes and, taken together, were cited in 40% of process evaluations. Determinant frameworks typically synthesize similar constructs from relevant theories, models, and frameworks. As such, though they lack key features of theory (e.g., proposing interrelationships between constructs), they are often derived from theory. Numerous process evaluations cited determinant frameworks, and not theories, indicating that researchers may use them interchangeably or that determinant frameworks offer benefits over specific theories. For example, French et al. [10] suggest that determinant frameworks facilitate broader examination of behavior change determinants. We found an example of this in one process evaluation in which the authors suggested findings based on the theoretical domains framework, while not a theory itself, may be linked back to theory [65] . Classic or implementation theories were cited in 28% of process evaluations. This underuse of theory may be due to perceived barriers or downsides to using theory, for example, perceiving theory as inaccessible, having poorly defined concepts, or lacking real-world applicability [66] . A few included process evaluations were explicitly atheoretical. Although atheoretical approaches to choosing intervention strategies (e.g., based on clinical expertise) may lead to choosing effective intervention strategies, inevitably these are based on implicit theories about their underlying mechanisms. Though potentially useful, interventions based on implicit theories lack "transparency, reproducibility, testability, exploration of causal mechanisms, and generalisability" [2] (p. 4).
Use of theory
Applying a continuum of theory use, we found relatively superficial theory use. Comparing our results to Painter et al. [12] , more studies in our review applied (56% vs. 22%) and tested (22% vs. 7%) theory, whereas fewer built/created (0% vs. 12%) theory. We also classified fewer process evaluations in the lowest level of theory use (informed by theory; 22% vs. 59%). Higher levels of theory application in our review may be due to our focus on process evaluations, which often include primary data collection in which theory may be applied readily, whereas Painter et al. [12] included a broader range of health behavior publications (e.g., methods articles).
We found limited theory testing, which may be due to the applied nature of the literature reviewed. Whereas the purpose of applied research is real-world application of findings, basic research focuses on theory testing to understand the mechanisms underlying behavior change [67] . However, the distinction between basic and applied research is not always clear-cut [68] and an important means to increase our confidence in the utility of a theory is by establishing its external validity in applied settings [69] . If theories are not tested, this restricts our ability to evaluate their utility and theories with limited utility may proliferate. We found no theory building or creation in the included process evaluations. These may have been absent as we did not investigate how intervention-specific program theories were used. Program theories were created in many process evaluations as they presented diagrams outlining how a specific intervention was proposed to operate (i.e., a logic model); program theory building may also have been present. However, we decided to focus on midrange theories in our review as these may generate cumulative, generalizable knowledge compared with idiosyncratic program theories, which provide less transferable insight into how interventions in other problems or contexts operate.
Strengths and limitations
We adopted a nuanced approach to conceptualizing the use of theory and advanced the Painter et al. [12] continuum of theory use by creating dichotomous response items based on each category. Another strength is our inclusive investigation of theoretical approaches, by using a taxonomy of theoretical approaches [7] . Study eligibility criteria may have limited our findings as we only included studies that self-identified as process evaluations. This excluded qualitative studies, not self-identifying as process evaluations, commonly conducted alongside RCTs. Another restriction in our eligibility criteria was to focus on process evaluations conducted alongside RCTs as theory may be used differently in process evaluations conducted alongside other research designs. A potential strength and limitation of this review was our inclusion of protocols. This may be a strength because protocols typically provide detailed descriptions of study methodologies, whereas a limitation is that protocols may not be implemented as intended. Review findings are also limited by potentially poor or limited reporting of methods and results in the included studies [70] , meaning that more process evaluations may have used theory, or used theory to a greater degree, than observed. Conversely, as some process evaluations were described in multiple articles, the additional detail reported on these process evaluations may have influenced whether a theory was identified and the level of detail about how theory was used.
Opportunities and recommendations for future research
This review provides a useful resource for implementation researchers who are planning to conduct theory-based process evaluations. Included studies may provide an indication of how similar interventions (e.g., based on intervention type) have been theorized and thus develop a process evaluation rationale. For implementation researchers who have chosen a theory, this review may facilitate identification of other process evaluations using the same theory. This may help situate their study in the wider theoretical literature, help identify potential determinants of the behavior of interest, and build on previous knowledge in relation to intervention mechanisms of action and moderators of change. As our review included qualitative, quantitative, and mixed methods studies, it may also be used to explore how theory may be integrated into different data collection and analysis approaches. Our findings suggest numerous opportunities for future theory-based process evaluations of implementation interventions. We have argued that conducting theory-based process evaluations will accelerate our understanding of how interventions work and why, Built/created theory items were as follows: (1) Is a new theory or revised/expanded theory developed? (2) Do the authors attempt to refine the theory by adding/removing constructs to/from the theory? (3) Do the authors attempt to refine the theory by specifying that the interrelationships between the theoretical constructs should be changed and spelling out which relationships should be changed? a One extract judged to qualify as a use of theory, but was not compatible with data extraction items, was captured in the item "Is theory used in any other way?". As this was related to the application of theory-related methods, the theme developed from this extract was categorized under "Applied theory." thus promoting the translation of research into practice. This aligns with the aims of "implementation laboratories," in which health systems and research teams collaborate to deliver implementation strategies at scale to understand the applied and scientific basis for how interventions operate [71] . Research across multiple implementation laboratories may allow for subtle variations of interventions to be tested, and these variations may be theory informed. Conducting theory-based process evaluations in this context may develop an increased theoretical and empirical understanding of intervention effectiveness. The limited number of process evaluations using theory and the superficial use of theory observed suggests that additional guidance on integrating theory into process evaluations is warranted. We echo recommendations made by Presseau et al. [44] for conducting theory-based process evaluations, including using previously tested theories and selecting a theory that proposes a mediation pathway so its mechanisms of action may be tested. We recommend that researchers ensure there is alignment between the theories used in intervention development and subsequent process evaluation. This may facilitate theory testing and building, for example, by providing evidence that changes in theoretical constructs mediate intervention outcomes.
CONCLUSION
To improve health care quality, implementation science needs to account for the variability in the effectiveness of implementation interventions so they may be optimized. Although we found that researchers are adopting process evaluations alongside randomized evaluations of implementation interventions to address this issue, calls for greater use of theory have not been heeded in this context. Using these strategies together may accelerate what we learn from implementation interventions while facilitating theory advancement.
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